Scientific Laboratory are engaged in a joint research project with a goal of developing the technology necessary to build a high-current, 1-2 GeV, continuous wave (CW) electron accelerator using beam recirculation.' An important part of the project is the construction of a 185 MeV demonstration racetrack microtron (RTM), as shown in figure 1. Beam quality and ease of operation in an RTM are critically dependent on the properties of the end magnets. Furthermore, the overall cost of a 1-2 GeV microtron is expected to be dominated by the end magnets.2 For these reasons it was desired to design end magnets for the demonstration RTM which meet the performance requirements at the least cost. A novel and economic magnet design has been developed which has a calculated field uniformity of better than two parts in 104. The design incorporates a Purcell filter into a half picture frame magnet and provides a 25% reduction in weight from an equivalent C-magnet.
Introducti on
The National Bureau of Standards and Los Alamos Scientific Laboratory are engaged in a joint research project with a goal of developing the technology necessary to build a high-current, 1-2 GeV, continuous wave (CW) electron accelerator using beam recirculation.' An important part of the project is the construction of a 185 MeV demonstration racetrack microtron (RTM), as shown in figure 1. Beam quality and ease of operation in an RTM are critically dependent on the properties of the end magnets. Furthermore, the overall cost of a 1-2 GeV microtron is expected to be dominated by the end magnets.2 For these reasons it was desired to design end magnets for the demonstration RTM which meet the performance requirements at the least cost. A novel and economic magnet design has been developed which has a calculated field uniformity of better than two parts in 104. The design incorporates a Purcell filter into a half picture frame magnet and provides a 25% reduction in weight from an equivalent C-magnet.
Requirements on RTM End Magnets Field Strength and Uniformity
On successive passes through an RTM, the beam must be returned to the accelerating section at nearly the same resonant phase, fR' of the RF field.
This resonance condition can be written3 (2Tr/c)AT = vAB.
(1) End Magnet Design
The fundamental problem in end magnet design is that the required field uniformity is difficult to achieve economically for the large ratio of gap depth to height typical of an end magnet. Two geometries are appropriate, as illustrated in figure 3 : the Cmagnet and the half picture-frame (HPF) magnet. Both designs are two-dimensional and can provide a magnetic field independent of orbit number, an important feature for an end magnet. C-magnets have been used in several racetrack microtrons.3'6 With field-homogenizing gaps (Purcell filters),7 a C-magnet can provide adequate field uniformity. However, the full gap depth is not useful due to the nonuniform field near the interior pole edge. The HPF magnet is more economic of iron, as virtually the entire gap depth is useful, and in the present case offers a 25% savings in weight over a C-magnet. The HPF magnet, however, has no homogenizing gap and is limited in field uniformity. We have performed magnetic field calculations using TRIM8 for an HPF design. The calculations show a systematic field variation of three parts in 103 with distance into the gap. Non-uniformity in the field is manifested in the non-zero angle, e, of the field lines in the steel-air interface. This is shown in figure 4 . We have developed a hybrid design, shown in figure 5 , which incorporates a homogenizing gap into an HPF magnet. In this design, the pole thickness is half the coil width, w. The width, b, of the inclined homogenizing gap is given by the formula
This sets the field line interior of the air gap. 
C-MAGNET HALF PICTURE FRAME MAGNET
In a full picture-frame magnet, the proper choice of the inclined homogenizing gap width, b, will homogenize the field throught the main gap. Because of the reduced symmetry in an HPF magnet, an additional design parameter is required to equalize the field intensity in the main and homogenizing gaps. Active field clamps with reverse-field coils produce the non-focussing fringe field shown in figure 7 . The main magnet yoke is used to return flux from the field clamps. This preserves the twodimensional nature of the design and provides a clamp for the flux produced by the main coil return. Raytracing calculations using program PTRACE10 were performed to adjust the focal length of the calculated fringe field profile to a large value. The adjusted profile was used in subsequent calculations in which beam of the expected emittance was raytraced through the entire RTM. The purpose of these calculations was to evaluate any increase in emittance caused by the end magnet fringe fields. No significant increase was found.
The design of the NBS-LASL RTM end magnets is shown in figure 8 , and some pertinent parameters are given in table 1. The gap is large (60 mm) relative to the beam diameter (< 6 mm) to allow space for an independent vacuum chaimber and corrective windings, to reduce the effect of gap variation on field homogeneity, and to produce the desired fringe field slope. Spacers are used to maintain the gap in the presence of magnetic forces. Inaccuracies in fabrication and inhomogeneities in the iron are expected to cause local field inhomogeneities of about one part in 103. After field mapping, such inhomogeneities will if necessary be reduced by an order of magnitude using low-power, printed-circuit-board surface windings. (1) yoke, (2) 
